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(57) Abstract 

Manufacturing hinged diaphragms for 
semiconductor sensors (e.g., accelerometers, 
pressure transducers, etc.), from a SIMOX 
wafer (w, Fig 3A), in which the internal, insu- 
lating, silicon dioxide (Si0 2 ) layer (3) is used 
as an etch stop in removing silicon from the 
underside of the^ wafer by etching with an ap- 
propriately selective etch, producing the re- 
duced thickness, peripheral "hinge" areas (9; 
Fig. 3A to Fig. 3B), with the exposed part of 
the silicon dioxide layer being removed in a 
subsequent etching step (Fig. 3B to Fig. 3C) 
using a different, selective etch. This pro- 
duces a single layer, single-crystal, silicon 
"hinge" (9'; Fig. 3C) of uniform, continuous 
material, enhancing the linearity of diaph- 
ragm movement during use and the sensor's 
sensitivity and accuracy. (See Fig. 4 for me- 
thodological steps). If the top, silicon region 
of the SIMOX wafer is insufficiently thick 
for the desired diaphragm thickness, addi- 
tional layer(s) of epitaxial silicon are grown on the upper side of the silicon crystal until the desired thickness is reached; the 
same being true for increasing the thickness of the silicon substrate. If having reduced thickness areas for the "hinge" on 
both sides of the diaphragm are desired, a SIMOX wafer having an intermediate, silicon dioxide layer on both the "bottom" 
and the "top" of the wafer is used, with each layer serving as an etch stop on its respective side, with the then exposed por- 
tions of the silicon dioxide layers thereafter being removed, leaving flanking, alternating, silicon "hinge" bridges (90a/90b- 
Fig. 5A-C). 



FIG. 3C 
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Description 

Methodology for Manuf ac tur ing Hinged Diaphragms 
for Bemicondpctor senaora 



5 Reference to Related. Applications 

Tliis application relates to some of the same sub- 
ject matter as the following, co-pending application (of 
which the present application is a continuation-in- 
part) : 

10 Serial No. 07/798 , 834, entitled "Capacitive 

Semiconductive Sensor With Hinged Diaphragm for 
Planar Movement" filed November 25, 1991 by D. H. 
Grantham & J. L. swindal, which in turn was a con- 
tinuation of Serial No. 07/664,683 filed March 5, 
15 1991, which in turn was a continuation of Serial 

No. 07/317,326 filed February 28, 1989, now U.S. 
Patent 4,998,179 (issued March 5, 1991), the great- 
grandparent case hereof [R-3288]; 
which in turn incorporated the disclosures of: 
20 Serial No. 07/292,282, entitled "Capacitive 

Pressure Sensor With Minimized Dielectric Drift" 
filed on December 30, 1988 by R. H. Bullis, J. L. 
Swindal, W. J. Wiegand, C. Brahm & H. Meyer, now 
U.S. Patent 4,954,925 (issued September 4, 1990) 
25 [R-3270]; and 

Serial No. 07/292,276, entitled "Capacitive 
Pressure Sensor With Encircling Third Plate" filed 
on December 30, 1988 by D. H. Grantham & M. Latina, 
now U.S. Patent 4,951,174 (issued August 21, 199 0) 
30 [R-3287] ; 

the disclosures of all of which are incorporated herein 
by reference. 
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Technical Field 

The present: invention relates to semiconductor 
sensors or transducers, e.g., accelerometers , pressure 
sensors, etc. . each of which use a "hinged" proof mass 
5 or diaphragm to, for example, enhance the linearity of 

the diaphragm f s movement during use. More particularly, 
the present invention relates to the methodology used to 
produce or manufacture such diaphragms. 

Background Art 
10 - Semiconductor Sensors Generally - 

As to the primary technology involved in the pres- 
ent invention, namely, the making of "hinges" in the 
diaphragms of semiconductive sensors or transducers, 
reference is had to the great-grandparent case hereof, 
15 namely U.S. Patent 4,998,179 (Grantham & Swindal, issued 
March 5, 1991) . 

As discussed in the '179 patent, capacitive, semi- 
conductive sensors or transducers, used, for example, 
for sensing pressure or acceleration or other physical 
20 phenomenon, are known. 

For example, capacitive pressure sensors are well 
known and are employed in capacitance transducers, 
microphones, rupture discs, resonators, vibrators and 
like devices. Many of the applications for such capaci- 
25 tive pressure sensors require that the sensors be 

extremely small, for example, of the order of eight 
millimeters by eight millimeters (8 mm x 8 mm) . 

Silicon capacitive pressure transducers are known 
in the art. For example, U.S. Patent No. 3,634,727 to 
30 Polye discloses one type in which a pair of centrally 

apertured, conductive silicon plates are joined together 
with a eutectic metal bond, such that the silicon disc 
plates flex with applied pressure, changing the capaci- 
tance of the aperture interstice and providing a capaci- 
3 5 tive-type signal manifestation of pr ssure magnitude. 
This form of pressure transducer thus relies on the 
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pressure-induced deflection of a thin diaphragm f in 
which th diaphragm deflection as a function of fluid 
pressure causes a variation in the distance between a 
pair of surfaces which effectively form the plates of a 
5 variable capacitor. Other examples of such silicon 

pressure sensors or transducers are included in the U.S. 
patents listed below. 

Thus, capacitive pressure sensors are well known 
and are employed in capacitance transducers, micro- 
10 phones, rupture discs, resonators, vibrators and like 
devices. Some of the capacitive pressure sensors 
require that the sensors be extremely small, for exam- 
ple, of the order of about eight millimeters by eight 
millimeters (8 mm x 8 mm) or less and are typically 
15 made in a silicon-glass-silicon sandwich design. 

An exemplary prior art, silicon-glass-silicon pres- 
sure sensor design of the sandwich type is illustrated 
in Pig. 1A hereof, which is substantively identical to 
the same figure in the '179 patent. Such a sensor or 
20 transducer 10, which typically is generally square in 

its exterior configuration but often at least generally 
and preferably circular or cylindrical in shape for its 
inner, operative substructure , generally identified as 
W C C " in Pig. 1A, includes an upper, conductive, square, 
25 flexible, appropriately doped, silicon diaphragm IX and 
a lower or bottom, conductive, appropriately doped, 
silicon base or substrate 12 with a non-conductive 
dielectric layer and spacer 13 (made of, for example, 
borosilicate glass) between them. 
3 0 A closed, evacuated, hermetically sealed, reference 

cavity, chamber or interstice 14 is formed between the 
two silicon layers 11, 12. The chamber 14 is typically 
at a zero pressure or vacuum, or can be sealed at a 
higher reference pressure, at which reference level the 
3 5 diaphragm 11 is parallel to the silicon substrate 12, 

with typically a two micrometer spacing between the two. 
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A centrally located, typically circular pedestal or 
m sa 12A extends into the typically generally cylindri- 
cal, closed chamber 14 with a thin, insulating layer of 
glass 13A covering the top of the mesa. The circular 
5 mesa 12A serves as a counter-electrode to the deformable 
capacitor plate or diaphragm 11. 

The mesa 12A extends up from the main surface of 
the silicon substrate 12 an exemplary six and a half 
micrometers, while having an exemplary diameter of one 
10 hundred and fifty thousandths (0.150") of an inch. 

For further general background information on the 
exemplary application for the present invention, namely, 
in the design of the peripheral areas of the diaphragm 
11 of the pressure sensor 10, it is noted that the 
15 wall(s) 16 might typically have a horizontal, lateral or 
radial thickness of, for example, thirty-six thousandths 
(0.03 6") of an inch with a height of, for example, nine 
(9) micrometers, while the separately applied, insulat- 
ing, mesa layer of glass 13A is only about a half a 
20 micrometer thick * 

The silicon diaphragm 11 and the silicon base 12 
may typically be square [with corners removed for the 
purpose of providing access for electrical contacts to 
the layer ( s) , as illustrated], having a horizontal 
25 length of an exemplary two hundred and sixty thousandths 
(0.260") of an inch on an edge, while the spacer wall 16 
can have an inner diameter of an exemplary one hundred 
and ninety thousandths (0.190") of an inch. The outer, 
side surface of the wall spacer 16 can either follow the 
30 basic square configuration of the silicon layers or have 
an outer circular configuration. 

It should be understood that the simplified Fig. 1A 
hereof for practical purposes of illustration is not at 
all to relative scale, as the glass wall or spacer 13/16 
3 5 is only typically nine micrometers (9/nn) high, in con- 
trast to the thicknesses of the silicon layers 11 & 12, 
which typically are eight thousandths (0.008") of an 
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inch and fifty thousandths (0.050") inches thick, 
respectively, for an exemplary fifty (50 psi) pounds per 
square inch pressure measuring unit* 

- Sensor Diaphragm Hinge - 

5 As further discussed and disclosed in the f 179 

patent with respect to hinged diaphragms for, for exam- 
ple, silicon-glass-silicon sensors, these have been 
formed in the past by the ion beam milling or electric 
discharge machining out of peripheral, surrounding areas 

10 in a "pure" semiconductive wafer of silicon (note Figure 
3 of the • 179 patent), or by chemically etching out 
peripheral, surrounding areas usually in a composite 
silicon ( e.g. layered, silicon-glass-silicon) diaphragm, 
producing a "hinge" from the reduced thickness area* In 

15 the latter, etching example, the central, inner or sand- 
wiched layer ( e.g. glass) was used as an etch stop for 
controlling the thickness of the hinge. 

However, such machining or milling is relatively 
expensive and more difficult to precisely control, while 

20 using a composite structure and etching to the central 
layer or region working as a stop produces a composite, 
materially non-uniform hinge, namely for the example 
given, a "hinge" made of composite layers of glass and 
silicon (note Figs. 5 & 6 of the • 179 patent). While 

25 the glass layer in the hinge area could then be machined 
or milled away (note Fig. 4 of the • 179 patent), such 
again adds additional expense and introduces further 
variants into the hinge areas of the diaphragm * Removal 
of the glass layer at the hinge could also be accom- 

3 0 plished by the use of a wet etch, for example, hydro- 
fluoric (HF) acid. 

Thus, to enhance the sensitivity of the sensor or 
transducer, it is desired to have a materially uniform, 
non-composite material for the "hinge" but to have such 

35 a hinge produced in the most straight forward and inex- 
pensive but most reliable way feasible. The present 
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invention achieves this goal and produces in its pre- 
ferred embodiments hinges made solely of high-quality, 
single-crystal silicon that are inherently low stress, 
in contrast to the relatively high stress hinges found 
5 in other attempts. 

- SIMOX Technology - 
In the preferred embodiment of the invention a 
"SIMOX" (Separation by IMpl anted OXygen) wafer is used 
as the starting material. Such a semiconductor wafer of 
10 single crystal silicon (Si) has an internal, electric- 
ally insulating, intermediate layer or region of silicon 
dioxide (Si0 2 ) , typically about two-tenths of a micron 
(0.2/xm) below one of its major surfaces and typically 
about two-tenths of a micron (0.2Mm) thick. 
15 The buried layer of silicon dioxide is produced in 

a single-crystal silicon wafer by bombarding at least 
one of the major surfaces ("top" or "bottom") of the 
wafer with high energy ( e.g. 200 Kv*) ions, for example, 
oxygen ions (O*) , which enter the silicon wafer and 
20 penetrate down into the wafer surface, becoming "im- 
planted" and forming a silicon dioxide region within the 
wafer. The wafers are thereafter heat treated to a high 
temperature, causing the silicon dioxide region to be 
consolidated into a very well defined, typically two 
25 tenths of a micron (0.2/xm) thick and two tenths of a 

micro (0.2/um) deep, silicon dioxide, insulating layer or 
region. (An exemplary SIMOX wafer is illustrated in 
general, simplified form in Pig. 3A hereof.) 

Such SIMOX wafers typically have been used to make 
30 micro-electronic, integrated circuits and typically have 
had to be relatively precise in their exterior surface 
flatness, although such precision is relatively diffi- 
cult to obtain. The present invention , not only pro- 
vides a new, "breakthrough" use of SIMOX type wafers, 
35 but also eliminates the need for relatively precisely 
made SIMOX wafers, substantially adding to the usea- 
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bility of SIMOX wafers and substantially reducing expen- 
sive waste. 

For further background information on SIMOX wafers 
and their manufacture, reference is had to, for example, 
5 "Formation of SiQ 2 Films by Oxygen-Ion Bombardment" by 

Watnabe and Tool from the Japan. J. Atrol* Phvs. 5 (1966, 
pp. 737-738); "C.M.O*S. DEVICES FABRICATED ON BURIED SiO z 
LAYERS FORMED BY OXYGEN IMPLANTATION INTO SILICON", 
ELECTRO NTHS T.FTTERS (Vol. 14, No. 18, August 31, 1978); 
10 and "Silicon-on-Insulator Films by Oxygen Implantation 
and Lamp Annealing" Solid State Technology (March 1987, 
pp. 93-98) . 

Disclosure of Invention 

The present invention thus provides a methodology 
15 of manufacturing hinged diaphragms for semiconductor 

sensors or transducers and the like, starting with, for 
example, preferably a SIMOX wafer ("SIMOX" being the 
abbreviation of "Separation by IMplanted OXygen") , hav- 
ing an intermediate layer of silicon dioxide, and pro- 
20 ducing a hinged wafer in which the hinge is made of a r 
single, uniform material, preferably doped silicon- 

In the preferred, exemplary manufacturing processes 
hinged diaphragms for semiconductor sensors ( e.g . , 
accelerometers, pressure transducers, etc . ) . are made 
25 from a SIMOX wafer, in which the internal, insulating, 
silicon dioxide (Si0 2 ) layer is used as an etch stop in 
removing silicon material from selected, unmasked areas 
on the underside of the wafer by etching with an appro- 
priately selective etch, producing the reduced thick- 
30 ness, peripheral "hinge" areas. The exposed part of the 
silicon dioxide layer is then removed in a subsequent 
etching step using a different, suitably selective etch- 
ant. This produces a single layer, single-crystal, 
silicon "hinge" of uniform, continuous material, enhanc- 
35 ing the linearity of diaphragm movement during use and 
the sensor's sensitivity and accuracy- 
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If the top, silicon region of the SXMOX wafer is 
insufficiently thick for the desired diaphragm thick- 
ness, additional layer (s) of epitaxial silicon are grown 
on the upper side of the silicon crystal until the 
5 desired thickness is reached. The same technique of 
epitaxial growth can be used either concurrently or 
independently for increasing the thickness of the sili- 
con substrate. 

If it is desired to have reduced thickness areas 
10 for the "hinge" on both sides of the diaphragm, a SIMOX 
wafer having an intermediate, silicon dioxide layer on 
both the "bottom" and the "top" of the wafer is used, 
with each layer serving as an etch stop on its respec- 
tive side. After the first etch step on both the bottom 
15 and top of the wafer, the then exposed parts of the 
silicon dioxide layers are thereafter removed with a 
different, suitably selective etchant. Continued etch- 
ing with the silicon selective etchant then exposes the 
etch stop layers of silicon dioxide. The top side 
20 hinged etch stop is reached by etching from the bottom, 
and the bottom side hinge etch stop is reached by etch- 
ing from the top. 

In this type of embodiment it should be realized 
that hinge segments must be alternatively disposed front 
25 and back and can only occupy somewhat less than half the 
annular hinge area, front or back. Additionally, it is 
preferable that the top and bottom hinges flank one 
another on each side of the central body or diaphragm, 
in an alternating pattern. In the situation where there 
3 0 is, for example, one, centralized top hinge with two, 
flanking bottom hinges (or vice-versa 1 , the single, 
centralized hinge is twice the width of each of the 
lower ones, with all of them having the same thick- 
nesses, in order to eliminate torque, maintaining the 
35 spring constant of the over-all hinge. This minimizes 
cross-axis sensitivity. 
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Another conf iguration of sensor can be fabricated 
by utilizing the properties of the well known preferen- 
tial (anisotropic) silicon etchants. These etchants 
etch silicon at different rates for different crystallo- 
5 graphic directions. Indeed, for some etchants there is 
a direction for which the rate is very small. -The crys- 
tal plane corresponding to this direction is the well 
known "stopping plane". For silicon the stopping plane 
is the (111) plane. To fabricate sensors using aniso- 

10 tropic etchants the diaphragm should be rectangular (or 
square) bounded laterally by stopping planes and with 
hinges defined vertically by etch stop layers. 

It should be understood that, although a SIHOX 
wafer with a silicon dioxide layer produced by oxygen 

15 ion bombardment is the currently preferred starting 

material , other bombarding ions could be used in making 
the integral, internal, insulating layer. Thus, other 
starting materials beside a SIMOX wafer could be used, 
if so desired. 

20 It is therefore an object of the present invention 

to produce preferably silicon diaphragms for semiconduc- 
tor sensors having hinges of pure, single material, 
preferably of silicon. 

It is another object of the present invention to do 

25 so, using as a starting material a wafer made by a 

SIMOX-type process, in which an intermediate layer is 
made in a wafer of silicon by bombarding at least one 
side of the wafer with high energy ions, such as oxygen 
ions or the like, and thereafter using that intermediate 

3 0 layer as an etch stop to remove the silicon from one 
side of that layer at unmasked areas as a preliminary 
step in producing the silicon hinge. 

It is still a further object to ultimately produce 
a hinge made solely of high-quality, single-crystal 

35 silicon that is inherently low stress, using preferably 
only etching techniques. 
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Other features and advantages will be apparent from 
the specification and claims and from the accompanying 
drawings , which illustrate two exemplary embodiments of 
the invention and which use like reference numbers for 
> analogous parts* 

Brief Description of Drawings 

For a further understanding of the nature and 
objects of the present invention, reference should be 
had to the following detailed description, taken in 
) conjunction with the accompanying drawing, wherein: 

Figure 1A is a perspective, partially cut-away view 
of a silicon-on-silicon, two plate capacitive pressure 
sensor of the prior art, which has some common struc- 
tural and operational characteristics as the sensor of 
5 the present invention, and provides general background 
for the present invention. 

Figures 1 & 2 are simplified, side views of the 
semi conductive sensors of the prior art approach and the 
hinged approach of the invention, respectively, con- 
0 trasting the planar movement of the central region of 

the hinged diaphragm of the invention (the latter) with 
the non-planar movement of the prior art, which non-pla- 
nar causes the central region of the diaphragm to become 
curved and distorted, producing a non-linear, relatively 
5 complex response curve. 

Figs. 3A-3C is a series of side views showing the 
progression of the wafer material, starting with the 
standard SIMOX wafer in Fig. 3A and ending with the 
completed hinged diaphragm material in Fig. 3C, with the 
\0 produced hinged areas being of a single, uniform 

material (suitably doped silicon as part of the single 
crystalline structure of the wafer itself) , following 
the preferred, exemplary embodim nt of the present 
invention. 

35 Fig. 4 is a flow chart s tting out the sequence of 

steps followed in the pr f erred, exemplary methodology 
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of the present invention to manufacture hinged dia- 
phragms, of the type illustrated in Figs 3A-C. 

Figs. 5A-5C are simplified, not-to-scale diagrams 
showing in plan, close-up/ detail and side/cross-sec- 
5 tional views, respectively, with Fig* 5C being taken 
along section line 5C-5C of Fig* 5A, of an alternate, 
exemplary SIMOX wafer having an internal layer or region 
of silicon dioxide (SiO z ) on both its "top" and "bottom" 
sides, with the silicon and silicon dioxide areas 
10 removed by etching, leaving a centrally located dia- 
phragm with upper and lower, complementary, 
silicon "hinges", with the lower hinged areas high- 
lighted by cross-hatching in Fig. 5A. 

Modes for Carrying out the invention 
15 - Hinged vs. Non-Hinged Diaphragms - 

In contrast to the curved or non-planar, distorted 
deflection of the diaphragm 11 of the prior art shown in 
Figure 1, as can be seen in Figure 2, in the exemplary 
sensor 100 of the present invention the diaphragm 111 in 
20 its central region 117 remains planar as it moves rela- 
tively linearly toward the mesa plate 112A on the sub- 
strate or base 112. The thinner, peripheral "hinge" 
areas 111A deform, allowing the main, central region 117 
to move linearly, while maintaining its planar ity with 
25 respect to the upper surface of the mesa 112 A. 

As is true of most designs, the mesa 112 A is pro- 
vided on the interior facing side of the semiconductive 
substrate 112 extending into the closed and evacuated 
reference chamber formed between and within the confines 
30 of the base 112, the diaphragm 111 and the side wall(s) 
116. The hinge 111A preferably has the same lateral 
configuration as the mesa 112A (typically circular) with 
their peripheries preferably coextensive, that is, with 
the inner periphery of the hinge preferably lying above 
3 5 the outer periphery of the mesa. 
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The hinge 111A is preferably provided in the form 
of a continuous, circular, indented trough, substan- 
tially decreasing the effective thickness of the prefer- 
ably disc-shaped diaphragm 111 at the hinge areas in 
5 comparison to its thickness at its central region 117. 

The relative thicknesses of the two can have a- ratio of 
the thickness of the central region or proof mass to the 
hinge thickness of, for example, about two hundred and 
fifty to one (250:1) or even higher ratios. 
10 Two exemplary embodiments of the methodology of the 

invention will now be described with reference to Fig- 
ures 3-5. However it is noted that, because there are 
many similarities, if not identity, between various 
analogous parts which bear analogous reference numbers , 
15 all of the various parts will not be described in detail 
for the sake of brevity, but only the differences dis- 
cussed. 

SIMOX Wafer to Hinged » Sensor Diaphragms - 

As can be seen in Fig* 3, an exemplary SIMOX wafer 
20 W, as produced in the current state of the art, com- 
prises a body of single-crystal silicon suitably doped 
to make it a semiconductor. The wafer W includes three 
regions, a basic body or lower substrate l of silicon, 
an upper region of silicon 2 [typically two tenths of a 
25 micron (0.2/m) thick] and an intermediate layer of sili- 
con dioxide (Si0 2 ) , typically also about two tenths of a 
micron (0.2/m) thick (although many other dimensions are 
possible) • 

The silicon dioxide layer 3 is produced in the 
3 0 silicon wafer W by bombarding its upper surface 4 with 
high energy oxygen ions (O") and then heat treating the 
bombarded wafer, in a manner well known to those of 
ordinary skill in the SIMOX art. 

Using the methodology of the present invention 
3 5 (detailed below) , such a SIMOX wafer W can be used to 

make the improved hinged diaphragms for the semiconduc- 
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tor sensors of the invention, and, in st p 1 (Fig. 4) , 
such a wafer is obtained as the preferred starting 
material in the preferred process of the invention. 
Nonetheless, it should be understood that, although a 
5 SIMOX wafer with a silicon dioxide layer produced by 

oxygen ion bombardment is the currently preferred start- 
ing material, other bombarding ions could be used or 
other starting materials beside a SIMOX wafer could be 
used, if so desired. 
10 In the preferred methodology of the present inven- 

tion (step 1) the thicknesses of the silicon substrate 1 
and the upper silicon region 2 (the latter ultimately to 
become the "hinge" in selected areas) are determined and 
compared to the desired end thicknesses of the diaphragm 
15 body and the hinge. In steps 1A & IB, if a greater 

thickness in either part is desired, epitaxial silicon 
is grown on the pertinent surface (s) l'/2' until the 
desired thickness (es) are obtained. Likewise, if either 
thickness is greater than desired, the excess thickness 
20 can be removed by suitable means, such as etching, mill- 
ing, machining, etc . 

In step 2 the underside 5 (note Fig. 3A) of the 
SIMOX wafer W is then suitably masked to expose the 
areas 6 of silicon which need to be etched away to pro- 
25 duce the desired reduced areas of thickness in the form 
of, for example, an indented "trough", to form the 
hinge. Typically, the unmasked areas 6 will form cir- 
cles, although other shapes can be formed, if so 
desired. It should be understood that the diaphragms 
30 will usually be made "in bulk," i.e . , with a number of 
them being simultaneously made in a single wafer, to 
thereafter be cut apart to be used in individual sen- 
sors . 

In step 3 the underside 5 of the wafer W is then 
35 subjected to a selective, isotrophic, chemical etch, 

such as, for example, a plasma etch or a high tempera- 
ture, etch, such as anhydrous, hydrochloric acid, until 
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the silicon of the unmasked part of the substrate 1 has 
been etched away in a process well known in the art, 
until the underside 7 (note Pig. 3B) of the silicon 
dioxide layer 3 is reached. At that point the selective 
5 etch has relatively little reaction with the silicon 
dioxide, with the layer 3 serving as an "etch stop," 
producing the wafer state W 1 illustrated in Fig. 3B. 

Thereafter, in step 4, another, different etch, for 
example, hydrofluoric (HF) acid, which attacks the sili- 
10 con dioxide layer but to which the silicon of the 

regions 1 & 2 are relatively impervious, is applied to 
the underside of the wafer in, for example, a dilute, 
hydroflouric bath r until the underside 8 of the silicon 
region 2 is reached. This produces the wafer state W 2 of 
15 Pig. 3C, which results in circular hinge areas 9 of high 
quality, single-crystal silicon, forming a hinge that is 
inherently low stress. 

The remaining silicon dioxide areas 3 1 must be 
electrically continuous with the bulk of the proof mass 
20 or main body 1 of the wafer during the completed 

device's use as a hinged diapraghm in a semiconductor 
sensor. This can be achieved in a number of different 
ways, including e for example, suitably masking the 
appropriate areas on the surface of the wafer to selec- 
25 tively block portions of the wafer during the high 

energy oxygen ion bombardment which produces the SiO z 
layer during the manufacture of the SIMOX wafer. 
"Holes" (where the mask was present) can thus be created 
in the remaining insulating layer 3», causing silicon 
30 region 2 to be electrically common with silicon 
region 1. 

At the completion of the wafer state W 2 of Fig. 3C 
(step 4), the thickness of either (or both of) the sili- 
con hinge 9 or the silicon substrate 1 can be altered, 
3 5 as desired (see steps 3A & 3B) , as a complement to or a 
substitute for Step 1 supra . Of course, as appropriate, 
etch and growth masks are added and removed at the 
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appropriate points during the manufacturing process, in 
accordance with the masking and epitaxially growing 
techniques known in the art. 

When produced "in bulk," in step 5, each individ- 
5 ual, circular diaphragm is thereafter cut-out from the 
bulk wafer body along the circular cut-lines CL, either 
before or after it is combined with the silicon sensor 
body to produce a complete sensor* 

As can be seen in Pig. 3C, the finished hinge 9« is 
10 at the "top" (or "bottom") of the over-all, single-crys- 
tal silicon body of the diaphragm. If it is desired to 
have the hinge centrally located down with respect to 
the over-all, single-crystal silicon body of the dia- 
phragm, i.e . at its middle, a "double" SIMOX wafer WW 
15 (Fig. 5A-C) , having had both of its major surfaces 

("top" and "bottom" or "upper" and "lower") bombarded to 
produce two, integrally formed, internal silicon dioxide 
layers 3a & 3b beneath two semiconductive, silicon sur- 
face layers 2a & 2b can be used as the starting material 
2 0 and processed in generally the same steps outlined supra 
with reference to Figs. 3-4. 

Analogous to steps 1-4 supra (the analogous details 
of which will not be repeated here for the sake of brev- 
ity) , the semiconductive, doped silicon in hinge areas 
25 6a & 6b (note Fig. 5C) are first removed by using a 

selective chemical etchant, such as, for example, potas- 
sium hydroxide (KOH) or ethylene diamine pyrocatechol 
(EDP) , and then the exposed, outside areas of the 
respective, near silicon dioxide layers 3a & 3b are 
30 removed by a different etch, such as, for example, by 

using hydroflouric acid, producing an interim structure. 
A suitable etchant for the centralized silicon body 
areas is used, removing the intermediate, relatively 
thick silicon region lab of the wafer, until the far 
35 silicon dioxide layers 3b, 3a, respectively, are reached 
at their inner sides. This produces the further, 
interim structure shown in Fig. 5C. 
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In a final etching step, the then, inner side, 
exposed portions of the far silicon dioxide layers are 
etched away until the remaining, relatively thin outer, 
surface layers 2b, 2a, respectively, of silicon are 
5 reached. This process leaves or produces the centrally 
located, rectangular "pure" single-crystal, low stress, 
silicon hinge areas or bridges 90a & 90b in the manufac- 
tured, square diaphragm made from the centrally located, 
silicon region lab, the remaining central portion 91 of 

10 which forms the proof mass for the sensor. 

As a result of the cross-etching process, i.e. , 
etching from both the top and bottom sides, apertures or 
openings 92 (note Figs. 5 A & SB) are produceD through 
the SIMOX wafer body WW. As can be seen in the close-up 

15 detail of Pig. 5B, the edges of the two insulating lay- 
ers 3a & 3b can be seen in the body of the leading to 
the hinge bridges 90b (or 90a when viewed from the 
underside) . 

The thickness of the centrally located hinge 90a & 
20 90b can be reduced, if so desired, by further etching, 
milling or machining of it, or, if so desired, their 
thicknesses can be increased by epitaxial growth tech- 
niques. 

As can be seen particularly in Pig. 5A, the upper 
25 and lower hinge areas or bridges 90a & 90b flank one 

another on complementary sides, forming with one another 
an alternating pattern on each side and with respect to 
the next adjacent side. Additionally, the combined 
widths of the two flanking hinge bridges ( e.g. the "up- 
3 0 per" ones in the left hand side of the figure) prefera- 
bly equal the width of the centrally located, flanked 
one ( e.g. lower one in the left hand side of figure, 
with all of them having substantially the same thick- 
ness . 

3 5 The embodiments described herein in detail for 

exemplary purposes are of course subject to many differ- 
ent variations in structure, design, application and 
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methodology. Because many varying and different embodi- 
ments may be made within the scope of the inventive 
concept (s) herein taught, and because many modifications 
may be made in the embodiments herein detailed in accor- 
5 dance with the descriptive requirements of the law, it 
is to be understood that the details herein are to be 
interpreted as illustrative and not in a limiting sense. 
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l. A method of manufacturing a hinged diaphragm 
for a semiconductive sensor, comprising the following 
steps : 

a) obtaining a wafer of single-crystal, semi- 
conductive material having an internal insulating 
layer integrally formed within it as the starting 
material to ultimately produce the diaphragm; 

b) selectively chemically etching away some of 
the semiconductive material of the wafer, producing 
a reduced thickness area at the location of the 
wafer to become the hinge in the diaphragm, using 
the insulating layer as an etch stop, until a por- 
tion of the insulating layer is exposed; and 

c) removing the exposed portion of the insu- 
lating layer until the semiconductive material on 
the other side of the insulating layer is exposed, 
producing a hinge of single-crystal, semiconductive 
material . 



2. The method of Claim 1, wherein there is 
included the following steps: 

producing a diaphragm made completely of sin- 
gle-crystal silicon and integrally forming said hinge by 
removing a portion of the silicon to form an indented 
trough in the silicon. 

3 # The method of Claim 1, wherein there is 
included in step "c" the step of: 

selectively chemically etching out the exposed 
portion hinge of the insulating layer using the semicon- 
ductive material on the other side of the insulating 
layer as an etch stop, using a different chemical etch 
than that used in step "b". 
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4. The method of Claim 1, wherein there is 
includ d in step "a" the steps: 

using a SIMOX wafer as the starting material 
with doped silicon as the semiconductive material with 
an integral, intermediate, insulating layer of silicon 
dioxide between a relatively thin layer of doped sili- 
con, which will provide the -hinge" and a relatively 
thick, substrate layer of doped silicon, which will 
provide the body of the diaphragm. 

5. The method of Claim 4, wherein there is 
included the following steps: 

using an etchant from the group consisting of a 
plasma etch and high temperature, anhydrous hydrochloric 
acid (HC1) , as the chemical etch in step "b" . 

6. The method of Claim 4, wherein there is 
included in step "c" the following steps: 

selectively chemically etching out the exposed 
portion of the insulating layer using the semiconductive 
material on the other side of the insulating layer as an 
etch stop, using a different chemical etch than that 

used in step "b" ; and 

using hydrofluoric (HF) acid as the chemical 

etch in step "c" . 

7. The method of Claim 4, wherein there is 
included the further steps of: 

increasing the thickness of at least the rela- 
tively thin layer of silicon by epitaxially growing 
silicon on it. 

8. The method of Claim 1, wherein there is 
included the following steps: 

performing step "a" by obtaining a wafer of 
single-crystal, semiconductive material, having on 
its top side an internal insulating layer integ- 
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rally formed within it and on its bottom side an 
internal insulating layer integrally formed within 
it, with the two insulating layers being separated 
by a central region of semiconductive material, as 
the starting material to ultimately produce the 
diaphragm ; 

performing step "b" by selectively chemically 
etching away some of the semiconductive material on 
both the top and bottom sides of the wafer, produc- 
ing reduced thickness areas in both the top and 
bottom sides of the wafer at the locations of the 
wafer to become the hinge in the diaphragm, using 
the insulating layer on each side as an etch stop, 
until a portion of the respective insulating layer 
is exposed; and 

performing step "c" by removing the exposed 
portion of the insulating layer on each side until 
the semiconductive material on the other side of 
the each insulating layer in the central region is 
exposed, producing a centrally located hinge of 
single-crystal, semiconductive material. 

9. The method of Claim 8, wherein there is 
included the following steps: 

performing step M b" by selectively chemically 
etching away some of the semiconductive material on 
both the top and bottom sides of the wafer forming 
flanking, alternating, hinge portions, producing 
flanking, alternating, reduced thickness areas in 
both the top and bottom sides of the wafer at the 
locations of the wafer for the hinge for the dia- 
phragm, using the insulating layer on each side as 
an etch stop, until a portion of the respective 
insulating layer is exposed. 
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10 • A method of manufacturing a hinged diaphragm 
for a capacitive, semiconductive-dielectric-semicon- 
ductive sensor, which sensor will include - 

- a conductive substrate of semiconductor mate- 
rial, 

- a conductive diaphragm of semiconductor 
material, the diaphragm having an inner, central 
region and an outer area, the diaphragm being capa- 
ble of flexing movement in its central region due 
to the action of physical changes to be sensed, a 
"hinge" being formed at the outer, peripheral area 
of the diaphragm by including an area surrounding 
said central region of substantially less thickness 
than the thickness of the central region of said 
diaphragm, causing the central region of said dia- 
phragm to remain planar as it moves relatively 
linearly up and down under the action of the physi- 
cal changes as the hinge flexes, and 

- a non-conductive, dielectric layer between 
the semiconductive substrate and the semiconductive 
diaphragm, the dielectric layer providing 
peripheral wall(s) extending between and joining 
the semiconductive substrate and the semiconductive 
diaphragm; an evacuated reference chamber being 
formed between the semiconductive substrate and the 
semiconductive diaphragm and being closed off by 
the peripheral wall(s) formed by the dielectric 
layer between the semiconductive substrate and the 
semiconductive diaphragm; the flexing movement of 
the semiconductive diaphragm due to the physical 
changes, causing the capacitance of the sensor to 
vary; 

comprising the following steps: 

a) obtaining a SIMOX wafer of single-crystal, 
semiconductive, dop d silicon material having an 
internal insulating layer of silicon dioxide integ- 
rally formed within it, between a relatively thin 
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layer of doped silicon , which will provide the 
"hinge" and a relatively thick , substrate layer of 
doped silicon, which will provide the body of the 
diaphragm f as the starting material to ultimately 
produce said diaphragm; 

b) selectively chemically etching away some of 
the semiconductive, silicon material of the wafer, 
producing a reduced thickness area in the location 
of the wafer to become the hinge in the diaphragm, 
using the silicon dioxide insulating layer as an 
etch stop, until a portion of the insulating layer 
is exposed; and 
, c) selectively chemically etching out the 

exposed portion of the insulating layer using the 
semiconductive, silicon material on the other side 
of the insulating layer as an etch stop, using a 
different chemical etch than that used in step "b», 
5 until the semiconductive, silicon material on the 

other side of the insulating layer is exposed, 
producing a hinge of single-crystal, semiconduc- 
tive, silicon material. 

XI. The method of Claim XO, wherein there is 
included the further steps of: 

increasing the thickness of at least the rela- 
tively thin layer of silicon by epitaxially growing 
5 silicon on it. 

12. The method of Claim XO, wherein there is 
included the following steps: 

performing step "a" by obtaining a wafer of 
single-crystal, semiconductive, silicon material, 
5 having on its top side an internal insulating layer 

of silicon dioxide integrally formed within it and 
on its bottom side an internal insulating layer of 
silicon dioxide integrally formed within it, with 
the two insulating layers being separated by a 
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central region of semiconductive, silicon material, 
as the starting material to ultimately produce the 
diaphragm; 

performing step "to" by selectively chemically 
etching away some of the semiconductive, silicon 
material on both the top and bottom sides of the 
wafer, producing reduced thickness areas in both 
the top and bottom sides of the wafer at the loca- 
tions of the wafer to become the hinge in the dia- 
phragm, using the silicon dioxide insulating layer 
on each side as an etch stop, until a portion of 
the respective silicon dioxide insulating layer is 

exposed ; and 

performing step "c" by removing the exposed 
portion of the silicon dioxide insulating layer on 
25 each side until the semiconductive, silicon 

material on the other side of the each insulating 
layer in the central region is exposed, producing a 
centrally located hinge of single-crystal, semicon- 
ductive, silicon material. 



20 
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13 . A method of making a hinged diaphragm for a 
capacitive, semiconductive-dielectric-semiconductive 
sensor, comprising the step of: 

manufacturing said diaphragm from a SIMOX wafer 
5 of single-crystal, semiconductive , doped silicon 

material having an internal insulating layer of silicon 
dioxide integrally formed within it. 

14. The method of Claim 13, wherein said SIMOX 
wafer includes a relatively thin layer of doped silicon 
and a relatively thick, substrate layer of doped sili- 
con, and wherein there is included the further steps of: 

5 using the SIMOX wafer as the starting material 

and the intermediate, insulating layer of silicon diox- 
ide to make the "hinge" and the relatively thick, sub- 
strate layer of doped silicon for the body of the dia- 
phragm • 

15 . The method of Claim 14 , wherein there is 
included the further steps of: 

a) selectively chemically etching away some of 
the semiconductive, silicon material of the wafer, pro- 
5 ducing a reduced thickness area in the location of the 

wafer to ultimately become the hinge for the diaphragm, 
using the silicon dioxide insulating layer as an etch 
stop, until a portion of the insulating layer is 
exposed. 

16. The method of Claim IS, wherein there is 
included the further steps of: 

selectively chemically etching out the exposed 
portion of the insulating layer using the semicon- 
5 ductive, silicon material on the other side of the insu- 

lating layer as an etch stop, using a different chemical 
etch than that used in step "a", until the semicon- 
ductive, silicon material on the other side of the insu- 
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lating layer is exposed, producing a hinge of single- 
10 crystal, semiconductive, silicon material. 
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17. A hinged diaphragm structure for a semicon- 
ductive sensor, comprising: 

a wafer of single-crystal, semiconductive 
material having an upper, main surface and an up- 
5 per, internal, insulating layer integrally formed 

within it from high energy ion bombardment through 
said main surface, said upper insulating layer 
being spaced down within the material away from but 
substantially parallel to said main surface; and 
10 upper, reduced thickness areas going down 

through said main surface forming the hinge for the 
diaphragm, said reduced thickness areas having been 
created in the material of the wafer with a chemi- 
cal, selective etchant using the insulating layer 
15 as an etch stop, exposing a portion of the insulat- 

ing layer, with that exposed portion of the insu- 
lating layer thereafter removed to the semiconduc- 
tive material on the other side of the insulating 
layer, an internal, side edge of said upper insu- 
20 lating layer being exposed in said reduced thick- 

ness areas. 

18. The diaphragm structure of Claim 17 having a 
proof mass, wherein: 

said upper, reduced thickness areas form 
together a trough surrounding the proof mass of the 
5 diaphragm of the sensor. 

19. The diaphragm structure of Claim 17, wherein: 
said wafer is a SIMOX wafer of silicon 

material, the bombarding ions having been oxygen ions, 
with said insulating layer being silicon dioxide (Si0 2 ) . 

20. The diaphragm structure of Claim 17, wherein: 
said wafer also includes a lower surface sub- 
stantially parallel to said upper, main surface and 
a second, internal, insulating layer integrally 
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5 formed within it from ion bombardment through said 

lower surface, said lower insulating layer being 
spaced down within the material away from but sub- 
stantially parallel to said lower surface; and 
lower, reduced thickness areas going down 
10 through said lower surface forming with said upper, 

reduced areas through said main surface the hinge 
for the diaphragm, said upper and said lower, 
reduced thickness areas having been created in the 
material of the wafer with a chemical, selective 
15 etchant using the upper and lower, insulating lay- 

ers as etch stops, exposing a portion of said upper 
and lower, insulating layers, with those exposed 
portions of said insulating layers thereafter 
removed to the semi conductive material on the other 

20 side of the insulating layers, internal, side edges 

of said upper and lower, insulating layers being 
exposed in said upper and lower, reduced thickness 
areas . 

21. The diaphragm structure of Claim 20, wherein: 
said upper and lower , ' reduced areas form flank- 
ing, alternating, hinge bridges from the periphery of 
said wafer to the central portion of said wafer. 

22. The diaphragm structure of Claim 17, wherein: 
said upper insulated layer is about two tenths 

of a micron deep within the wafer and is about two 
tenths of a micron thick. 
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OBTAIN SIMOX WAFER W (FIG. 4A). 
DETERMINE THICKNESSES OF SILICON 
REGIONS 1 & 2 AND COMPARE TO 
NEEDED THICKNESSES FOR BODY AND 
HINGE. OF DIAPHRAGM TO BE PRODUCED. 



FIG. 4 




e. EPITAXIALLY GROW SILICON ON 
SURFACED) NEEDING GREATER 
THCKNESS(ES) UNTIL DESIRED 
THCKNESS(ES) 1'/2* REACHED. 



THEN 



2. APPROPRIATELY MASK THE UNDERSIDE 5 
OF THE SIMOX WAGER W TO EXPOSE 
SURFACE AREAS & WHERE HINGE H IS 
TO BE LOCATED. 



3. SELECTIVELY ETCH THE UNMASKED SILICON 
FROM THE UNDERSIDE OF THE WAFER UNTIL 
THE SILICON DIOXDE LAYER 3. SERVING AS 
AN ETCH STOP 7. IS EXPOSED (FIG.4B). 



CHEMICALLY ETCH THE EXPOSED SILICON 
DIOXIDE LAYER 3 AWAY. USING THE 
SILICON LAYER 2 ON THE OTHER SIDE AS 
AN ETCH STOP. PRODUCING A HINGE H 
SOLELY OF SILICON (FIG. 1C). 




THEN 



4B. EPITAXIALLY GROW OR REMOVE 
SIUCON FROM APPROPRIATE 
REGIONS UNTIL DESIRED 
THICKNESS(ES) ACHIEVED. 



5. ATTACH THE HINGED SILICON DIAPHRAGM 
TO THE REST OF THE SENSOR BODY. 
PRODUCING A COMPLETED SENSOR 
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